Project PANOPTES (http://www.projectpanoptes.org) is aimed at establishing a collaboration between professional astronomers, citizen scientists and schools to discover a large number of exoplanets with the transit technique. We have developed digital camera based imaging units to cover large parts of the sky and look for exoplanet transits. Each unit costs approximately $5000 USD and runs automatically every night. By using low-cost, commercial digital single-lens reflex (DSLR) cameras, we have developed a uniquely cost-efficient system for wide field astronomical imaging, offering approximately two orders of magnitude better etendue per unit of cost than professional wide-field surveys. Both science and outreach, our vision is to have thousands of these units built by schools and citizen scientists gathering data, making this project the most productive exoplanet discovery machine in the world.
INTRODUCTION PANOPTES (Panoptic Astronomical Networked OPtical observatory for Transiting Exoplanets Survey
) is an open-source, citizen-science project aimed at discovering transiting exoplanets using an automated network of small robotic telescopes. The goal of the project is to offer continuous global coverage of the night sky by having a large number of units built and deployed all across the globe. PANOPTES is unique in that it uses inexpensive digital single-lens reflex (DSLR) cameras, color photometry, and citizen scientists to accomplish its goals. PANOPTES engages the public in both data acquisition and analysis, giving them ownership of the data and the project.
Project PANOPTES occupies a unique niche in the ongoing search for exoplanets. Previous missions, such as Kepler, have focused primarily on one region of the sky, taking deep images in order to discover transiting exoplanets around mostly distant stars, leading to limited opportunities for imaging follow up, as the majority of the targets are far away and dim. Current projects, such as the Hungarian-made Automated Telescopes (HAT), aim to fill this gap by targeting relatively bright and near stars, but continue to utilize "purpose-built heavy-duty mounts and dome enclosures," expensive CCDs, and optimal site locations in order to ensure the success of the project, thus limiting the ability of the project to grow and adapt.
1 Future missions, such as TESS and PLATO, will fill some of these gaps, but still suffer from problems inherent in large-scale dedicated surveys, whether it is a sparser cadence or a smaller field of view, not to mention overall cost. 2, 3 At approximately $5000 USD per unit, PANOPTES is more than 100 times more cost-effective (in dollars per square degree per collecting area) than large-scale projects such as LSST.
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Project PANOPTES is attractive because it can complement these missions, doing so cheaply and with the involvement of citizen scientists. These proceedings aim to provide an overview of the motivations for the project, given in Sec. 3. Some background information is provided on exoplanets in Sec.2. A status update for the project is given in Sec. 4 along with updates to the baseline unit (see Fig.1 ) and project goals as described in Ref. 5 . 
BACKGROUND

Exoplanets
Exoplanet research has been a rapidly developing field since the confirmation of 51 Pegasi b in 1995.
6 A hot-Jupiter orbiting a solar-type star, this first exoplanet was discovered via the radial velocity technique by measuring the slight shift in the position of the host star caused by the orbit of the planet. The discovery of a large gas-giant within 0.052 Astronomical Units (AU) of the host star led to a rethinking of planetary formation theories, which had been modeled primarily after Sol's planetary system. With the possibility of close-in Jupitermass planets came the realization that a percentage of these exoplanets might exist in a coplanar orbit with respect to the Earth and the host star, leading to a periodic occultation of the light. Confirmation came in 1999 with the discovery of HD 209458 using this new transit technique.
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The transit method has since become extremely prolific, mostly due to the Kepler space mission, which discovered 2300 potential exoplanets within its first 16 months of operation. 8 As of this writing, the number of exoplanet candidates discovered by Kepler and the newly rebooted K2 mission is above 4500, 9 with over 2500 of these discovered via the transit method.
Transit Method
The transit method is made possible by a reduction in the total amount of light arriving from the host star by a planet (or other object) passing in the line of sight between the observer on Earth and the host star. The transit method relies on the exoplanet orbit being coplanar to the Earth and the host star. Estimates for the probability of this occurring are given by
where the R parameters represent the radius of the host star and planet respectively, and a is the distance between the two. 10 These values range from 0.1% to 10% for planets within 5 AU of the host star, making the transit technique mostly suitable for planets that are both large and close to their source.
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Ref. 11 discusses the transit method in detail, including the high occurrence of false-positives and their sources, as well as the observable quantities that are obtained via the transit method. These quantities, namely the period, depth, and duration of the transit, can be combined with results obtained via the radical velocity method (also discussed in Ref. 11) to effectively determine the planet's mass.
Because the transit method relies on the probability of both geometric alignment of the host system with Earth and the temporal alignment of an observer with the transit start time, the most reliable way to observe transiting systems is to watch large portions of the sky as frequently as possible. In order to accomplish this, a number of automated surveys, including project PANOPTES, have been designed to attempt to capture these transits. Section 3.3.1 provides details.
MOTIVATION
The motivation for the PANOPTES project comes from a variety of technologies and opportunities that previously didn't exist for average consumers. At the core of the imaging units are commercially available digital cameras and the advances made in their abilities, discussed in Sec. 3.1. Just as important, however, is the advent of open source technologies, the internet, and, along with it, the rise of citizen science projects and their ability to contribute effectively to the scientific process, seen in Sec. 3.2. These social and technological advances effectively complement each other, providing an ideal solution to the breadth and depth requirements required by time-domain surveys and exoplanet detection research, described in Sec. 3.3.
Technological
Advances in consumer grade electronics within the previous decades has led to a proliferation of devices and computers available to the general public at a low cost. This can perhaps be best summarized by the Maker Community, which has seen its population change from well-funded amateur enthusiasts to anyone with a passionate interest in creating something, 12 an idea reflected in Sec. 3.2.1. While PANOPTES utilizes many smaller consumer electronics for successful operation (see Fig. 2 ), the project is actually made feasible by the availability of cheap professional-quality digital cameras and novel processing techniques designed to overcome their inherent scientific limitations.
Digital Single Lens Reflect (DSLR) Cameras
Commercially available DSLR cameras are designed for human vision and are thus traditionally not utilized for scientific research. The presence of a Bayer array, a repeating four-pixel square pattern of red-green-green-blue pixels (see Fig. 3 ), makes traditional photometry difficult as the filters don't precisely align with the standard astronomical Johnson filters. 13 While work has been done to overcome these limitations with V-band 13 and then multiband 14 photometry, the scientific use of DSLRs has remained limited.
Differing approaches using relative photometry, and therefore not relying on a precise conversion of filtered values to astronomical standards, have also been demonstrated. Notably, the use of relative photometry for the detection of exoplanets was effectively demonstrated by one of the current authors for use with PANOPTES, with further details provided by Ref. 4 . Future work for the PANOPTES project, discussed in Sec. 5, will include the formalization of this algorithm.
Social
While amateur astronomy has always enjoyed a certain level of popularity, the rise of rapid communication and the internet has allowed for a recent resurgence in amateurs taking part in the scientific process, both in traditional and novel ways. Specifically, the joint interaction of citizen science projects with large and open datasets has created a unique opportunity for the realization of more effective participation on the part of the public in a diverse set of fields, including astronomy. PANOPTES aims to utilize this motivated public by involving participants in not only the collection and analysis of the data, but in the actual construction of the data collection devices, the individual PANOPTES units. 
Citizen Science
The involvement of interested citizen scientists across a variety of disciplines has been studied heavily in recent years, including the mechanics of organization, 15-18 the types of tasks performed, 16, 19 the motivations and demographics of the participants, [19] [20] [21] and the relative effectiveness and scientific value of such projects, including the distrust of publicly collected data among the scientific community.
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Reference 19 has looked specifically at the diverse types of citizen science involvement within astronomy and found that the "best" of the projects play to the strengths of the participants and also target areas of observation that professional observatories and automated software might miss. In particular, the researchers point out that a critical motivating feature of the citizens is the desire to make authentic contributions to the field. The authors therefore recommend projects provide opportunities for the citizens that cannot be accomplished by other means while simultaneously providing a low barrier to entry as well as a pathway to more advanced scientific work.
By its very design, the PANOPTES project seeks to spread the total etendue of the survey over as wide of an area as possible. 4 Since etendue is the product of how much light a survey can gather by how much of the sky it sees at one time, the best way to accomplish this is to have a large number of small collecting devices in a diverse set of global locations. The building of these devices, while inexpensive and relatively non-technical, is nevertheless too time consuming and geographically dispersed to be handled by professional observatories and staff but provides a perfect opportunity to engage citizen scientists in a task that otherwise cannot be accomplished.
Open Source -Data and Software
Equally important as a social motivator is the abundance and availability of open source data and software. With the rise of extremely large astronomical datasets, 23 the need for a large number of human classifiers naturally increased. The success of projects like GalaxyZoo and Zooniverse have been a testament to the need and utility of open data sets and citizen scientists.
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At the same time, processing techniques for working with the data have become more readily available, with groups like NumFOCUS (http://www.numfocus.org/) advocating the need for easily reproducible research. Gains made in the programming language Python, with the community-drive Astropy 25 leading the way, have opened up more advanced processing to a larger audience.
PANOPTES utilizes all open source technologies for control of the unit with future work including lessons plans provided to educators that focuses specifically on the use of Python and the open PANOPTES data. Currently the project receives support from Google in the form of Google Cloud Computing resources, enabling the project to expand almost limitlessly with regards to storage and computing. Both Google and PANOPTES remain committed to keeping the data open for the duration of the project.
Scientific
As technology has increased so has the ability to capture, store, and analyze data. As more collecting facilities are available, more observations of targets can be made across time, allowing for comparisons of an object with itself at various times. This has led to the rise of two distinct subfields within astronomy known as astroinformatics 26 and time-domain astronomy. 27 The rise of both of these subfields has mostly been enabled by automatic surveys.
Automated Time-Domain Surveys
Many types of astronomical observations, including the detection of exoplanets via the transit technique (see Sec. 2.1.1), rely on collecting large amounts of information as often as possible. Since the best way to accomplish this is to automate the collection, many automated time-domain surveys either exist or are currently planned. Large space-based missions such as Kepler (now K2), TESS, 2 and PLATO 3 will look specifically for exoplanets along with ground based projects like KELT, 11 and HAT. 1 Additionally, future work by LSST 28 and other ground surveys whose focus isn't on exoplanets will also necessarily capture transiting events that can be mined from the data.
Other projects like the Evryscope 29 and the Fly's Eye 30 try to increase their etendue by dividing the collecting area into small segments similar to PANOPTES. However, both projects continue to utilize professional grade equipment and necessitate a skill-level, cost, and access not available to most amateurs. While both projects aim for geographic dispersal of many units, neither project aims to employ citizen scientists.
PROJECT STATUS
After the initial demonstrations of the feasibility of the project, 4, 5 the focus turned toward creating a baseline unit that could easily be replicated by amateur groups with limited technical knowledge. Throughout 2014 and 2015 a baseline unit known as PAN001 was developed (see Fig. 4 ) and deployed near the summit of Mauna Loa in Hawai'i while final hardware and electronic details were worked out.
With the finalization of the hardware and software for the baseline unit, PANOPTES is now ready to begin full data operations with PAN001. The building of additional units is expected to begin in Fall 2016 with units coming online in early 2017. 
Hardware
As of this writing all aspects of the hardware for a PANOPTES unit have been finalized with the exception of some remaining work to be done with the electronics. After running the baseline unit for a number of months the ability to monitor the power consumption of the individual components became obvious. Additionally, the ability to remotely power-cycle various aspects of the unit (the mount, individual cameras, operating computer, etc). also became evident. Current work to redo the electronic boards, while also making them safer for use by high-school students, is currently underway and expected to be completed by Fall 2016.
Software
The PANOPTES observatory control system (POCS -https://github.com/panoptes/POCS) is in a complete and operating mode, with data being collected automatically every night. With the successful operation of the unit, the project focus is steadily moving toward the processing of acquired data even as more data continues to be made available.
The archival solution was implemented in early September 2015 such that all data obtained from PAN001 is automatically archived into a Google Cloud Storage Bucket instance of unlimited capacity. From September 2015 to January 2016 over 400 GB of archival data (in CR2 format) were archived, representing almost 20,000 exposures across 74 nights of observational data. Analysis of data from this period as well as from the first half of 2016 will be forthcoming from the current author.
CONCLUSION AND FUTURE WORK
Project PANOPTES (http://www.projectpanoptes.org) is aimed at becoming one of the most productive exoplanet discovery surveys available, all while engaging professional astronomers, citizen scientists and interested school groups. We have developed digital camera based imaging units to cover large parts of the sky and look for exoplanet transits. In this paper we have described the unique motivations that drive the project, including the advancements in technology, open source data and software, and citizen science in general. Both science and outreach, the vision of PANOPTES is to have thousands of units built and operated at locations all across the world, all while engaging the public in legitimate scientific discovery.
Future work for the project will focus on the building of additional units and the expansion of the PANOPTES network, the refinement of various electrical components of the system, and the move toward demonstration and analysis of collected data. An exciting time for PANOPTES, the project is looking to expand globally with the help of professionals and amateurs alike.
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